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ALHB84001 is an ancient Martian meteorithich sparselycovered byglobules. An interior chig,261a)
containscarbonateglobulesand other mineralderived has a single face covered with ovemandredindividual
from a fluid extraneous to the orthopyroxenite rock of globules, and again, few globules on the other surfaces.

which it is largely constituted. McKay eal. [1] X-ray mosaic mapsrevealedthe distribution of the
reported nanometer-sized features interpretgubasible minerals present on the fracture surfaces.

fossilized bacteridrom thesecarbonateglobules, and We observed graduathemical zonation of the
other evidences of‘possible relic biogenic activity”.  carbonate globules on th265 fracture surfaceimilar

This meteorite has comenderintense scrutiny, and to thosereported byothers [e.g. 6,7], which wavill
studies of temperature of formation, S isotopes, etc. [2,term here type 1 carbonateglobules. Thegeneral
3, 4, 5, 9] haveevealedthe complexities of both the pattern of zonation is a centradrerich in Ca (up to
origin of the globules and the possible cluesatcient 20 mol% calcite) surrounded by aegion ofincreasing
life on Mars. Mg contentfollowed by three sharpands of sideritic,
We arecarrying out atrace element study of the  magnesitic, and ankeritic carbonate (Fig. 1 a,b). In type
ALH84001 meteorite to investigate possible 1 carbonates, the sulfur contents of the ankeritits
biomineralization, and to search for clues to the origin are detectablabove analyticalimits at about 0.25+
of the carbonate assemblage. Prior tadestructive 0.05 wt% (@), while no sulfur isdetectable in the
analysis, we are conducting a careful SEM examinationinterior carbonate, i.e.<0.1 wt%. In ,261a the particular
of three chips, each 1-2g in size, to obtain information face coveredwvith over a hundred carbonateglobules
regardingthe petrographic relations o€arbonates to  revealedboth type landtype 2 globules.Theselater
other minerals in the rock. This enables usompare globulesare characterized blyaving Fesulfide blebs,
the materials weseparatefor analysis with literature with S contents up to 8 wt% of the bulk globule.
reports and guides our selection of materials for Theseglobules comprise=10% (by number) of the
analysis. Since our studiegre carriedout on chips, carbonate abundance on tfiacture surface. Aletailed
without polishing or coating, wevere examining analysis of one of these globules revealed thatth&
fracture surfaces. Our findings were oftdifferent from pum Fe sulfideblebswere located in a@istinct pattern,
those reported in the literature. This we attribute to the following the rhombohedral cleavage exhibited by the
presence of a distinction between carbonates exposed oglobule interior (Fig. 2). Inreflected light, type 1

fracture surfaces, and those intersected by thin- carbonateshow anorangeinterior [1], surrounded by
sectioning. This distinction may explaidifferences light magnesiteand darkiFe-carbonate band$he type
observed between various reports [1, 6, 7, 9]. 2 globuleshave adarkinterior instead. This islue to

The SEM used in this study is a JEOL the presence ofnumerous tinysulfide blebs. These
JSM5800LV equippedwith an Oxford Link ISIS-300 globules will betargetedfor future S isotopic and
x-ray analysis system. Wehave investigated two chemical studies.

interior chipsand anexterior chip of ALH84001 by Both features of the sulfide in type 2 carbonates, the
SEM using alow-vacuum mode that allows direct localization alongcleavage tracesand the zonally
imaging and x-ray analysis of thefractured surfaces asymmetric distribution, imply that thesealfideswere
without polishing or coating the samples. introduced intathe globulesafter crystallization of the

The fracture faces we observed wereluced by carbonatecores. We tentativelyconclude that such
curatorial activity at JSC, butthe sample probably sulfides may have been shoekplacedrom asulfide
fractured along pre-existing weaknessescluding melt derived from local sulfide minerals, perhaps during
some induced on Earth during residence in the Antarcticthe same impact event thamplacedhe shock-melted
ice. Our studies of the chigurfacegevealed facethat maskelynitic glass [8].

exposedpreexisting fractures covered with carbonate The mosaics further reveal that Fe sulfidesur as
globules, as well adractures bearing few or no grains of<10um in elongated bands associateith
carbonates. crushedzones (granular bands). No Fe sulfidesnd

The exterior chip wehave examined(,265) is appear to be part of the original igneous assemblage of
partially covered byfusion crust. It has one 8mm x the rock, which consists of opx+chr+mask+Ca-
4mm fracture face almost entirely covered with phosphate. This wagmarkedupon by Greenwood et
carbonateglobules, while the remainingurfaces are  al. [4], and weconfirm their observation, within the
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limits imposed by the material available for study. The
implications of this finding are that sulfide and
carbonatesre cogenetic, asecognizedpreviously [6,

7]. Therefore,the similar 534S observed in sulfides
from carbonateglobules and =10 pm grains in the
crushedzones is theexpectedresult [4, 5, 9]. Our
observations imply that botbulfideswithin globules
and those in the matrix share the same origiogenic

or otherwise. Perhaps the most significasulfur !
isotopic observation is that these sulfides are heavier in;
334s than pyrrhotites in the shergottites [9].

No direct association is found between maskelynitic
glass and the carbonateglobules, whichare mainly
underlain by opx. It has been proposed thaH84001
carbonates formed byeplacement ofmaskelynitic
glasses [6,7]andthis has important implications for
the Rb-Sr geochronology of these minerals [10]. We
observe carbonatglobules largely on opxsurfaces, :
with only sporadic association with maskelynitic glass, &
which appear to be coincidental. Like McKay et al. [1],
we are studying mineral associations ofracture
surfaces. Numerous observations adrbonatewith
maskelynitic glassesave beenreported from thin
section studies, whicindicateone of the important
differencesbetweenglobules in fracture surfaces and
those found in thin section.

Conclusions: We find zoned carbonateglobules
on fracture surfacesconsisting of two types, “
differentiated by the latter having Fe sulfide blebs, with Figure 1: a) Fe X-ray magabove). Fe rich zones are
S contents of up to 8 wt%. Sulfidexccur in the bright. Ferich sideritic inner rimandouter ankeritic rim
interior of carbonateglobules (type 2), in the Fe-rims areclearly illustrated. b) C&-ray map (below). Carich

L . zonesarebright. Carich inner zoned corand ankeritic
of the globyle_s (t)_/pe 1, 2pnd asindividual grains up outer rim are visible. Scale bar= 106n.
to =10 um in size in the crushed zones. Bdfide has
been found in association with magmatic minerals. We
find no evidence to support a replacemerigin of the
carbonates by alteration of feldspathitasses. The
fundamental issues of the origin of the globuiemain
unknown.
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Figure 3: S X-ray map of portion of a type 2globule.
Finely dispersed Fe sulfidblebs =0.1 pm in diameter
occur along cleavage planes of the carbonateerior.
Scale bar=20m.



